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AESTFACT

1te =scoje of this thesis 1s tworfoldgd. The first is to
Erovicde a gethodolocy =IZor the [ferformdnce measurezernt oif
datakase systenms. The second is the aprplicaticn of tlhis
methcdclcgy to a srecific database systen in an attengt to
veriiy the applicalility o2 tnlis methodology and tre
pericrrance and capacity claims oi tne Jatakase systen.

As a 1nethodclogy, the thesis describes the strategjies
and lccatiocrs for the placement of check oints, the kirds of
rericrmarce data to te collected, +tne ernvironment icr the
conduct cf the pericraance measurement and the intergreta-
tion c¢i the results. >ne of the w@wost important ccentritu-
tions of this methodclogy is its capability to osztair actual
measurement overhead pmaxing tne fpresentation of truly accu-
rate results possible. As an application of this methcd-
clioyy, we attem;zt tc validate the performance and cagacity
claims <¢f an experimental =npulti-kbackend database systen
known as MD3S. Surprisingly, these <c¢laizms hnave Leen
valicdated.
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(] I. INIECDUCTION ol

A. A TEESIS OVERVIES

¥

L The scope of tais thesis is twofold. The first is to ;J
F frovide a methodclogy tc use 1in the perrormance measuyreéacnt g
[ ¢i a cdatatase «computer. The second 1s the apylicaticn cf

[ tais pethcdology te a specific gdatabase system asnd the

:_ attexpt tc verify the performance and ca;acity claims cf the g
“ target systepn. 1
} Tte cdatabase sSystem bteing evaluated is an exjperimerntail
rulti-rackerd database system known as MDBS. The asic
desigr gjocal of MDBS 1s to develiop an arcaivecture which .a
spreacds the work of the dataltase manajement among rultigple 1
tackerds. MDBS makes two lasic cilaims in its design. The

first is that by increasing the number cf backends used as a

part cf the datalrase computer and by keeping the size cf the
datarase ccrstant, tkte response tiae or the same trars-
acticns 1s propcrticrally decreased. Tae second <clainm is

that Lty increasing the number o ©Lackends ard aliso

. Do

increasirg the size oI the database, the respcnse tine

renairns relatively ccrstant.

Tc ccnduct the performance measureaent of MDBS, various
checkpcirnts and data collections are incorporated intc the
Systersn. Although all checkpcints and data collecticns are

selected tc provide the greatest amournt of useiul irnfcroa-

. "L.LAAAAA .AA!

tion arnd to incur the least amouLt of overnead, scre cver-

. ,-r.—ﬂ' W ————

head 1is ubavoidarle. A guartitative method for measuring
tie cvertead incurred is therefore provided. The perforn-

ance results of {UDBS are then accurately adjusted using the

i@

cverkead calculation. Iin this way, a truly accurate ueas-

urenent ci thne systenm may be cktained.
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As a rpethodciogy, the thesls desSCrice€s the stlfatejied

)

r
i

and lccaticrs of the checxpolnt piacera=nt, tae Xinds S ca
¢n perfcrmarce ccllected, the ways in waich the perfcocriiaice
Teasurecent were corncucted and tne 1interpretaticr cr the
resialts. vaybe of ,reatest igportance is the ability to
caiculiate actual reasurenent overhead allowingy Zor tne [res-
erctaticn of truly accurate results.

In tnis thesis, we will focus our attention c¢cn the
resccnse tige of the work being doae by tahe Jdatabase systenm.
»e will nct focus on the throughput. Wherzeas the thrcugijut
is detined as the average rumker of user reguests executel
ky the system in a second, the respouase time of a reguest 1s

the time Letween the initial issuance oI the rejuest <ty a

th

user and tie fipal 1receipt of the entire response set o
this request by the user [ BRef. 1]. Sirce the majcrity ci
the reguests processed by a database system are reguests rcr
the retrieval of infcrmation, another limitatior is made to
the sccpge oi this thesis. We will focus on the performarce
Zeasuresent of the response time of retrieval requests in
MDBS. Fopefully, tonese evaluvations will verify the claias
cf MLB3 and also [frovide a general amethodology £fcr the

pFertorrarce measurement of any datakase systen.

E. TEE CEG2NIZAIION CF THE THESIS

This thesis 1s crganized 1into six additional clkarters
teycnd this overview. Chapter II describes our perfcrrarnce
cteasurepent methcdolcgy for database systeans. It initially
discusses the need fcr such a metnodology and continues with
a separate discussicn of toth the interpnal and exterrnal
perfcrmance measuremerts. The chapter then culminates with
a discussicn of tne ccmbinatiocn of the two performarnce zeas-
urements, thus providing tne methodology to calculate anli

adjust fcr interral [eriormance measurement overhead.

-
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Chagter III fresents an cverview ot the targyet =jstea,
MD33, used to apgly tle erforzance ae<asurement acthcdcio,y.
A gereral Jiscussiorn is giver on the attriltute-based data
molel, the Jdirectory tables, tae proce.s structure, the
ressagy€ types, ard tte exs2cution 0oL a retrieve CejleESt.

The application <¢£ tue Eperformaace Deasurem=at mz<ticd-

€103y tc the target systen, 4DBS, 15 presented in Chapter
Iv. The reyuired mcdirications to tne MD3S software reeceld
to pericrm the measureadents is Jiscussed, along witn a

discussicn of the mcdifications to the test envircraent
regquired to control the measuremernt results. A descrifption
¢t tlre additional software used ror both inter-coaputer arni
inter-fIccess Mmessage processing [Leasurements is also
frovided.

Chapter V presents the ccnstruction of the test database

and tlre selection of the reguests used in the perfcrrarce

measurenents. In thkis chapter, the design of the desireil
test datatase 1s first discussed. Due tg¢ systen
constraints, only a subset of this desiygn 1is usel Ior

testirg purposes. Tle chapter concludes wita an analysis of
the regquests used in the gerrformance neasurement.

All the thesis wcrk is ‘rrougyht together in Chapter VI
with ttke presentaticn of the performance 2easure€rent
resualts. Since the goals cf this thesis are to verify the
perfcrrance and capacity claims of MDBS and to rovide a
methcdclcgy for the periformzance measureaent of a Jatabase
system, c¢nly the tests needed to obtain these gcals are
rerfeormed. In the <chapter, resuits are provided for the
external arnd internal rferforazance measureaents, and tae
results c¢f the messace frocessing Qeasurements.

Tte thesis ends with conclusions in Chapter VII wnichk
can Le made from the results. It provides a sunmmaticr for
the entire thesis ard offers suggestions in future Wwcrk

whicn needs to be dcne both with the methodolo3gy and with

14
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the Teasvremzent cr MIES. It is coped that tnis thesis will
[rovide a scund methcdocloyy rLor the perforsance LcasULeZents
cr Jataltase systems ard alsc¢ yprovide a definitive verifica-

tion cf the ;erfcrmarce and cafpacity claias or “DBS.
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11. EZEEORMANCE MIASUR

In tris <Chagfter, we present a el fofZanCe NeasSULE€meEnt
petnodCicyy Ior datatase systeds. Tae methodology reguiies
tuie cclilection cf kcth internal and external gerfcrmance
Dedasurexentcs. The 1rternal ferformanCe dcasurement zethod-
Civjy 1s the «collection of wmetnods and tooLls whico will
€fdacle a tetter understandiny ¢ the targyet system kv nmeas-
uring certain capabilities oif that systea. In measurirn;
Certain capaebilities cf tue system, we IZocus on the measuare-
@dent cf  tige sgent in individual processes or  tue tarjet
systen. The exterral periormance 1easuekent Tetncdclcgy is
ti.e ccilection cf methods and tools whnicn will enakle the
tetter urderstanding ¢ the tarjet system by Deasuring the
System as a W#hoie. In measuring the system 4s a wWucle, we
focus cr the measurenent of tie respoise time o0 the targyet
Syster. T.e response time 1in a Jatapase systen 1s defired
in [Ref. 1] as the time tetween tae initial issuance ol trne
reguest Lty a wuser and the final receipt of the entire
resgcrnse set of this request bty the user.

In the rest cf tinis caajpter, we begin by examining the
reed for a database systea and the subsejuent reed to
Deasure the gerfcrmarce of the systea. e then Jiscuss a
yeheral pertormance geasuresent methodologyy, addressin; ccth
interral and external perfcrmance measurement as segarate
issues. Finally, we conclude the chapter with a Jdiscussion
ci the ccamtination «<¢f 1nterpal and externai jperiorgance

Teasurerent results tc prrovide a coamplete rzethodolcyy.
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A. TEF NEELC

The reed for a d<ataitase car Lest Le shown as ccerie-

sponding tc the need for 1irnfcrzation. A datalase is a
repository for the stcraje of irnformation on a computer, a&aay
itea c¢r ccarination cf items of which can re e€asily accessed
in a relatively short timeframe. A businessman pay Jc¢
ail tke

decisicrh. The combat field

Ui
'
]
T

latest fpleces of 1nformation to make a Darajewent

cconmander may desire conmplete,
up-tc-the-minute repcrts to arrive at a tactical Jecisicr.
Eut there are that

rerrormance and cagacity protlems

gust te cvercome in ;roviding thnis informatiox. As an ever

increasing amount of information is stored in a datatltase,

the respcnse tinme increases notice-
avly.

kase,

cf the datatase systen
In addition tc the increase in the size of the data-

ttere is the effect cf increasing the numkber ci users

accessing the system and the numier of rejuests tc te

frocessed ty the systern. Thus thLe user must select retweer

the resgcnse time desired and tne informaticn desired, a

choice tte user does not want to and should not hnave to

cake. The dataktase system needs to be e€easily upgjraded to

accomgocate new users and to increase. the datarase size

without roticeakle <ctangje in response tine. This 1s tiae

necel for the resyomse-time invariance in a datanase systea.

Anctler prollem is in the timeliness of a response. 1he

datalrase system should offer a dependacle, constant return

rate fcr the response to a regquest. Aihen resgcrse time

fecomes unreasonably long due to the coamputer workloaé, ‘the
will ke frustrated. A

request returned in a timely manner.

user user desires to have every

This 13 the reed zor
A firal problem is to insure taat all necessary infcrra-
tion 1is available to the user. Incomplete inforaaticr is of

little use. For exalfple, a user may regulre all reguests to
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have a respcnse withir a specified tineframe. 7IThis reguire-
gent citeh dictates thke maxigua size oL tae latacase anc tae
Caxigulr ruolter cI regquests. Thereiore, arL unRdesirearci=
liaitaticn 1s placed cr tune arcurLt of irrformation availatle
due tc tre limitaticr cn Jatakase si:ce. Agaln, the user 13
forced icto making a tradeofr Letweel the resgonse tirTe anl
tre availakle inforpation. Nevertaeless, Jdespite the
respcnse tire, such informaticn siould be made available to

the user on demand. This is the need Ifor availatkilit

v
—— e o

ot
informaticn in the datalkase systen.

Ikerefcre, not cnly 1is there a need for a database
system, there is alsc a need for a database system with the
guaiities «¢i 1Invariance, Consistency, ard Availarility
(ICA). Fut ICA can e present 1in varyiag degiees 1n a data-
fase systen. The degree of 1CA can pest ke demonstratea ty
the perfcrmance measurement of the database syster.

There are two basic types of Jdatabase systems. The
first is an online scftware Jdatakase management systex tkhat
runs c¢cn the nost computer systerz. The second is a datanase
rachine, whicnh offlcads the database functicns tc a Jdedi-~
cated fLackend ccaputer. The current trenas in datarase
systens invclve the desijn, impléementation, and use cf data-
ctase machines [Ref. 1 tarough 8]. dct only is there an
apparent impprovement in ICA with a corresgonding r[price ger
rerfcrrance advantage, but a datacase wachine can [Le€2 up
IesouIces at tae host, provide suppgort for multipie, dissinm-
ilar hosts, and increase the security on the database Ety tnae
physical sepgaration cf the datatase and the host. LCue
grimarily tc the trerd toward increasiny ruture use ¢t data-
tase machires, this tnesis will concentrate on tne Jdiscus-
sion and arpplication of the wmethodologyy for measuring the
datakase machines.

A dataktase wmachine is a Jdatalkase system composed cf cne

Cr more prccesscrs, dedicated to perforaming the Jataoase

18




TZalagyerernt functions. Tt 13 1irdasputalle tihat a Jatarase
LaCnLlile 1S the ©Cetter oL the two types 01 Jita.ase s
wita regards to pfreviding an increasSe 1L SeCuiity;, diicwWwi
for guitijyle Aacst support, and ireelny 1; tre gncst
LeSOUICes. S5ut there still exists tne Leed to demcrstrate
an loprovexent in tae ICA on a Jatarase machine cver *the ICA

frovided Lty a hcst-resident datatase systen. At the sanme

time, there exists a reed to ccapare the invariaLce, Ccorsis-

tency and availapility «c¢f severadl difrerernt datatbase

rachines and software systems. Again, this can tLest e

demonstrated by measureing these systeas. i
hesfcnse-time consistency 1s morCe easily acanieved ir a

datalase nachine thar in a datavase system runniny c¢n the

host. Whereas the host nmust share 1its resources Witk a ]

. : . . ] J
varyircg wcrkload, the tackend can dedicate its resources for i
cdatakase &rcanagerxent, Availability frees the [Catauase 1

Administratcr from the necessity to asake tradeoffs Lketweern

the size of the Jatatase and the response time. The acdminis-

tratcr can then lbdad the database with all the necessar;
inforgatior regardless of the cdatabase size. To achieve ani
verify thte resporse time invariance of a database aachine,
a methcdclogy tc rmeasure its effectiveness nust te
develcred.

Thus, the scope c¢f tois thesis is5 to provide a ferfoim-
ance measurcment ametkcdology fcr datakase machines arnd to
verify this methcdolcgy by verifying the design clailms of a
specific database rtachine, krnown as MDBS. Agaln, these

claims are related tc the guality of resronse time invari-
ance; thkat is, tc be aktle tc change tae size of the datarase
and at tte same time maintain constant response tize <r to

hold constant the size of the Jdatabase with the akility to

]

: reduce tre response time. Consegjuertly, the measurezert of
4
{ tue res;zcnse time of a dataktase system beccmes the focal
; point c¢f cur stulies. 1IL the response time carn be frcgerly
p

e

15

B A aun e oo e o o o




v

t.

L

F

L . A o L L e L . Ut . ST W e Sy S U S S S SOV PO S

and accuratel; Deasdred, the Claias of tue tarjet sySterm carn

Le verified. Turtherscrle, the SIiLfeCtlVeness Or the Teticli-
CLOoyy car  also re verilZied. A ;Lo el iLe€astrLeleit <Cf the
LesSpCrse tine <¢an frcvide @8 raseline aeasur-=aent t2 wiich
cther Jatarase systels can e ccmpared arnd thus prceviie u
frice-gerfcimance ccofariscn c¢f wvarious sSystems. TLls
thesis [frcviles an overnead-iree perforpance-measureanent

cethcdclcgy and applies this methodoloyy to verify the

clains of arn experimertal datarase machine.

E. TFEE AFPFOACH

Ir this section, we ilscuss a jeneral methodology to ce

used in the performance measurement 0of a dqatabase sys

ct

€T.
Tnls rmetbciclogy is ceneral and can be appliel to any ctter
datatase systen. de first discuss the internal pericrrarce
zeasurelzent. This ircludes the Jdesign consilderations, the
softwar< enjyineering criteria and the applicaticrn c¢f the
tetncdclcgy to a fparticular systea. Tken we [rresent a
discussicn of the externai perforamancs measurement, agair
discussiny the Jdesicn consideratioans, the software engi-
reering criteria, ard the application o0f the methcdclogy to

a8 particular systen.

1. A M¥ethodology for Interna: PeCioLDAance Measurement

The Joal of the internal performance measureaent
methcdolcyy 1s to frovide wmethods arnd tools which will
€nacle us to better understand the target system Ly zeas-
uring certain aspects c¢f that sjystea. A complete under-
stacdin; cf how the system performs internally may lead to
design acdirications «c¢r to fine-tuniny of the system Ior
tetter geriormance. The internal jperformance LeasSUre€ment
tools shculd he unolktrusive to the usger, availacle wWwte

Necessary, yet out of the way when not requireld. They sthculd
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e 1rte;rated with tke tarjet s;stea td produce a t
transiticL rLetween tarjet s;j;stes operdtioL ani tihe Operavior
cr the tccl. In the ILlrst part of tals sectiorn, we aidres
the desigr cousideraticns cf irnternai pelIOCD4AnCe OfedsSife-
Eent gethocds. Next, we diScilss certaln SOLtwale el jinc€rlng
criteria whicu are ajpglicanle to tihe design of OOl Leasure-
Tent tccls. Finally, we explore tae applicaticr cIr the

irnterral performance measurement Getaoduidogy to a particdaiar

SYSterm.
a. DLesign Ccrsideraticns
Internal jperiormcance measurement relies or
checkpcirts internal toc the database system software. a

checkpcint is defined as a yrocedural invocation inserted
into tne system's flcw cf controi to call the perfcorzarnce
Ieasurement routines which are used for the data cecllecticr.
Syster overread is irtroiuced as each checkpoint is added to
tne tar, et systea, Additicrnally, acasuresent sorftware is
wyudlrel tc process tre checkpcint lata 1n a ananner cozpat-
lile with the existin, tarjet systen sorcware. That 1s, a
Celtaln fCrtloL oL the Dedsurepent SOLtware aust te inte-
grated with the target systen sorftware to nanile evernts sich
as cata stcraje, message ;assidj, and information FILCCESSAL
that reiate to tre clteck,oint data. Tinally, toe existing
tarjet system software zay rejguire additicnal lines ¢f ccde
to nandle peéw Cdases 1rtroduced by the 2€asuleient Systeld.

In mcst e€xternal perforzaLce ne€asurelment, Cverl-
heal is negligilble. FEowever, irternal aeasdrenent CLcoutires
ad. significant cverkead to the latabase s;stea walch cannot
e disrecarded. For internal reasurement, we adst discover
“ay3 tc reduce tne cvernead cgenerateld Doy tLe neasurenent
software. We 1ust also e aple to a@measure the cversead
which carnct ke elimirated, SC that the aeasurements can be

adjustel accordingly. A very iua.ortant reguirement is that
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tne €x1stiry target sSysted Lust malntain the capatisirty of
TunrLiry trigpeded by tie additiobnal measSuieXcLt SOILtware.

Consideration aust Ze j;iven to tae level 1L the
tarjet systen wie€re chteckpoirts may pe fplaced. Souwe pcssirle
levels are at tne very high level, 1i.&., the syster level,
tie bilgl level, i.e¢., the prcgran levei, tae mediug level,
i.e., the subroutine level, and the low level, 1.e., thLe
subrcutine segment level. Whereas external serforzance
Ceasul€nent only places checkrcints at tne ver; high level,
interrai gperformance measurement places checkpoints felow
that level. Checkpcints must [te placed dt a level whicu
froduces data in sufficient detail to provide the user with
a basic urderstandinc ¢f the system's gerrormance character-
istics. Checkpoints should nct Le placed at a level sc low
as tc overwhelm the tvser with detailed data ¢r to interiere
significantly with system periormance.

For internal perfocrmance @measureaxent, the uaser
should have the capalkility to access selected data cut of a
range CcI pcssitle chcices. The user snould rot be rejuirel
to receive informaticn about processes which are nct of
current interest. Tlte interface should be easy to use ani
skould nct distract tle user frcm his primary gJoal ¢f urder-
standingy trke datapase system by reguiring the user to
rememfer the unigue syrtax or semantics oL the test inter-
face. T1lke collected measureaents should be made accessille

to autcmated processingy routines for data reductiorn.
t. Software Engineering Criteria

Measuredent software should e desigped usinj
p0lern scitware engineeriny metnods. The resulting software
should re understandatle, maintainable, reliatle and cor;yat-
itle with trhe tarjet systeunm. Certain software engineerin
metacds are of particular interest. These methods are Tcdu-
larizaticn, 1ser-friendilness, Jata abstracticr, ani

simplicity.
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for godularcity, tie Zvasireaent projrams spoulld
te nlerarchicaliy structirel Wit weii-leflned 1LteICIACeS.

The TE€dslicient TOdUL€s Ihcdawd L

V)

redsaovi€ tarou,acut tie

tar jet S:Sted. 4olvlarity allcws the S5:sStel to Le €asily

U

€Xteldei to CaecCkpolrts nut corslyered in the iLitial s
ficaticus. The test interface shoull present an easy-tc-use
fetniod for obtalning test data. It snouid i

dygregate Zata while still allowin; tae JS€r to access raw
data. 7Tke user should rnot have to reaember the sprecriic
syntax and semantics ¢f tue test interface. Jata atkstrac-
tion shocld be used sc that sukseqguent progras mrodificaticrns
do nct restlt in extensive IrefroJjraiaaing. An agiprogriate
cnosce cf primitives ( data structure and operations ) will
a.lcw for e€asy change and produce less systea overhead. Iae
fcasurenent system shculd be user-irieandly. In addéiticn to

)
“

’_1

coeyirg the simplicity ,rinciple, the test 1nteriace siou
te forgiving, i1.e., system should not c¢rash on pad irnput,
[rovide readable errcr diagnostics, anticipate errors, ard

guard a.ainst thcse errors.
C. Issues in the Application to Datatase Systeans

Applicaticn of the irpternal fperrorzance reasire-
tent nethkodclogy to a particular database sSystem reguires
that tne evaluator understand certain aspects of the tarcet
systet. Trte evaluator must wunderstani the prcgracilng
lanjuage used to ccrstruct the database systez, and the
structure arnd operaticn of the database systeu. The evalu-
ator wust Le prepared to overcome obstacles presented Ly the
tar;et systea 1in the course of tne lapiementaticr cf the
pericrmance measurement.

A thorough understanding oL the [frcgramaing
linjuage 1s necessary to successfully integjrate checkpcirtts
and data ccllecticn frograms into the existing software

structure. Cne must Pe familiar witn the Jdatd structures,

[ 9%}
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contrcl structures, LALilny COLVeLUiJdLs, a.,d  parageter-
fassSin. Tecranisas of the larjuage, 1oL order tC ldrie€cent
tiie Teasurelent procracss €lIlcClientliy and tC  BLL1I2T€ *Lelr
cvernead. Xnowiedge ci tie labj;ldje S,;0%ax [<31C<S prcirai-

ring e€rrcrs 4nd spee€ds ImpleTelLtation J02 The  ZeaSdIieldent
tools.

ror e<ffective 1nterndl Lelfofdanlce [easdrledert,
checkpcirts mist te ccrrectiy glécej L tue latalade s
Incorrectly rlaced creckrolnts 11CCLease Overneai arnd
FELCICLIANCE Teasuregent by frovidio; i1seless  lda
user. Tre €vaiuator Nust possess sufriiclent «Knowiedge ci thne
tarjet systema to allcw for the correct piacenent oI ciec
points. Tuhis provides tie sgoctn intejration of data ccilec-
tion frcgrarns, data processing frojrams and dJdata trarsier
pfojrars into the existing dataktase s stex.

CL.ances are that the targyet syvstenx, when
initially designed, was not designed with interunal perfora-
ance measurepent in rind. Instead, the targyet sSyster was
desigrned tc process all reguests efiiciently. Inteyratiorn
ci the irternal jericrmance measurement routines may aflect
the tarjet systea ir urexpected ways. Let us consider two
exarples cf such ways. First, 1ia a nessage-passing systex,
messages jererated Ly the measureazent [rograis may rejdire
godificatiors to the ex1sting Jdatatase Systea 50 that test
ressages wlill not be coniused with tae messajes of the data-
tase system. Second, the vclume of iaforaaticn jenerated b
the measurewent progyrams may overioal selected secticrns of
the tarjet systert. The evaluatcr of the performaace Ieis-
uremert Icutines aust be r[prerared ZIor SUCh COontlLnLgerncles.
Ey asinj tre knpcWwledge of tne .rograaling lapjdaje aichy
with tie krowledje cf tne datatase systen, the evaluator
Zust e ;re;ared to ctfer sciuticrns to the datatase alminis-
tratcr < 5cw to jracefully integyrate the perforiance reas-
urement @echanisas Into  the tag et systemd  witn (LS =r

podificaticrn and withcut overicad.
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The goal of external (eI ilC2auCe LeisSllicicit 12 to

rrovide a ccliection ¢ metiuods and t20ls woalch will ernatie
Us t¢ Letter anderstand tneé tar et sSrystel I, AedS1LlLg Lo
£ystel i1 a4 wiaoOle. In this wayv we can &easule the total
worL+ Leir, cone Ity tle Jatakase systa2a. de £2Cis Cn Iwzas-
uring tne response tize 0f the systex, the «elarsel tioe
tetween the issuance 0f A& regjuest and tohe fecelgzt cf *ue
IeSpChse tC tue reguecst.
Intcernai perfcruanCe 1Ieasdrelelt hdsS L€el SLCwWh %3
e bernericial in the fine-tuning of 4 system, anl 15 tuw
T1CCCSCCp1C exaninaticn 0 the WwOrDK LSlnj ferrorze€l Ly thd
svstern. External measurement frovides a judntitative g=as-
Thls alicws

yrezent cIi the sSyster froz a Zacroscopic view.
r

for the ccopariscn of datavase systens. Ia ta

&

ci the section, we discuss the desija considera
t

€XteIndal ferforaance ne€easureldent metaods. Neft, W€ f[rLe€sernt
tne sScItwaC€ enjiNeellnhy CrLlteria for esiternal [eIlICLIALCe
feasurenent. lastly, W€ show tLe application <cI  tae
exterrnal perforuance Omeasuredclht tO 3 S;SLSR.
a. DJesigjn Ccrnsildéerations
ZIxternal rCeriorzapce aedsurezent sSaoull have

rej.oiciclie cveranead, 1l.e., the response tize wilith exterrnal

EeLIOLTdrCe measyredert shoulil Le tie Sele a3 the L[e3fonss

time wlthout zeasurezent ceiln, jerZormeld. Thls 1s irn Zact
tie case. The reascn tnat tie JVelZavald 13 fnegliciile i3
taat cnly two tinln; Checsyzints  Leed to be nade. Trese

tLDLlnC CLECKPOLNTS AL€ [1i4J€l 1T tioe e ilLNLlO; O & rLegiest

and the end of the resfoige ¢ tie Lwcjdest, t.is prsviisn:

tie elagyced tine of tie res;clsc 0L a [e,ues T, Tre tilaain:

CheCKpClrts neel the Systed Side 4t the STACL asl CoO; i¢t1oOi
t

Y-

C

-
A

9]

L€ reguest.  The Che

are ;raded a2t the VEUY lJlh
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level to insure a cciplete @peasurcaent ol the total elaps
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‘c* There are other 1ssuyes that 3ust pe corns
* to insuie that the systew feir; evaluated 1s as  'pure' as
{ fossiztle. First, the systei should retairn ornly thcse ccde

anl @messages regquired Ior tpe ruanning of tne systex.

Messaces arnd code irncerporated into tne system fcr  tae
desigr c¢r Jdebuggjing or the system snould be reacved.
Seccrd, tiae system shbould not contaln unnecessary scftware
toois designed tc aid tae measurement, sSuch as those used to
create a test database. Such tools snouaid remain in soit-
walCe e€xtericc to the actual datakase system.

AL obviotvs «consideration is to insure that o
huadan ioteraction is involved in the timiangs. The systen
software, nct the reaction tice cf the user, is beirn¢ timed.
Tauerefore, the timer should start iamediately after a user
Ielcases the request. The timer siaould stop imzediately
frior to tle display on the selected output device. lae
reascrn fc¢r stopping tke timer prior to display is due tc th=
varying delays caused by the output Jdevices. The sgeed of
an cutyut device shkculd nct be incladed 1nto the syste
tialng results.

The final issue 1involving the placenernt oI

external performance measuremrent checkpoints 1S  whether to

[ €rbed tle timer code in the systea or to <call a tizer
¢ rodtine outsice the system. A call to a timer rcutire

° incurs unwanted tiaing deiays, addingy to the impurity of a
- Systen. Ii the timer code is enbedded, it can ke race to

p

dppear tlhat the systeil code beiny tested is embedded irn the

—

tiner ccde, i.e., placinj the timer initialization ccdée just
° pcior tc the point of the rejuest by the user and the tiger

firalizaticr code just sulbsejuent to trne dis;lay ¢cn  tae

Ol A 4

. cutput device. #lth these ccunsideratioans, an optiaal place-
Tent oI crteckpgeints can ke selected to take exterral

° pericrmarce timings.
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F. Software iIngireerinj Criteria

Unlike irternal fperforazance-peasdreanent scftware
wiicn uses soiftware design Tetaodoloygies, the e€xterral
[ericrrarce-measurcmenrt software uses software desigrn tcolis.
in [Kef. §7, a rtull Jescripticr is rrovided OI tane LecesSsary
exterral recrforaance-geasureaernt tools., These tools irclude
a tsst-Iile jeaneraticr packasje, a4 Jddatabase load suktsystea,
arnd a request jeneration package.

The rurpcse or the test-rLile gyeneration package
15 t¢c <¢r€eate a4 test Jatadasc. T.ls ailows for the easy
creaticn or a jatalase containing trne Jesired parameters to
Le evaluated. The datavase Load subsystea must frcperly
loal tre

rt

lies c¢reat-d in the Jeneration package. Ihis
ircludes the creatiorn ¢ iirectorlies ZIor the test datatase.
The rejuest jeperaticr fackaj € is used to create and e€xecute
test reguests, and jroviies fc¢r easy variance in the types
and ccoplexity of recuests. This packaje also archives tae
Tegylests Lcr later y:se. Usipy these tools, the extermnal
perfcrrance timings cf the datakase syster under measurlLe€lent

can Le e€asily obtained.
€c. Issues irn the Application of tae detiucdolegy

The case with which exteraal performance meas-
uremert can be perfcrmed ¢ch a Gatabase sSystem car vaiy.
There are two important considerations: the language in
whlich tle system is written and the dejree of software engi-
nzeringy used in the database system design.

The language needs to pe readable and tc ccm.li-
gent fprcper documentation of the systen. This will facili-
tate an understandin: ¢f the system by the system evaluatcr.
The language must alsc be powerful enough to easily inccrio-
rate syster commands, such as requests for the syster tize.
A language, such as C, has these capakiiities, feiry
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primarily desigyned £c¢I sSystem projraamling. C is a rigk-
level 1iangjuagye, that 1is Fota rpowerfui ani rfpertatrle.
Aitncugh the sugport scitware tools such as datacase lc¢al
can Le inplemented inp a language otner thkan toune languagje 1in
wnich tie database system was written, the evaiuatcr zeeds
to ke familiar with several Jdifferent languages if several
different Jatabase systems are to be evaluated.

The degree oi scitware engineering use€d 1o tLe
datakase system design will mcst definitely facilitate anv
external performance measurement to be done. If the cata-
tase systed was hierarchically desigped using amoduiarity,
knowledge <c¢f the 1irnternal workings of the system Ly tae
evaluator will e nmirimal. Oniy the upper level 1ir tae
hierarchy ne¢ed to be studied fer the prcper placement of the
checkpcints. Exterral measurement only reguires a macro
krowledse of the systenm. This 1s to insure that the chreck-

points are indeed prcrerly fplaced at the very high level.

C. TEE CCHNBINATION CF INTEENAL AND EXTERNAL PERFCRMANCE
MEASUBEMENTS

Separately, 1internal and external performance rmeasure-
ments grovide a wealth of irfcrmation to the evaluatcr.
Interral perzormance measureaent provides the timings and
data ccllections of individual processes 1in the database
SYSter. External rperformance measureazent provides the
€lapsed time for the compliete reguest. Yet, when the two
rethcdclcgies are coriined, there is a syneryistic efrect to
tne armcurt cf information availakle to the evaluator.

Tbe <ccobination ¢f 1interral and external periormance
reasurements 1s natural. There are bernefits to e gained
for cre frce the other. For exaaple, we can determine the
cverfiead incurred wlen using internal performance measure-

pent; tirst, using the exiternal checkpoint, we coilect the
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€.apsed tize for ,rocessind a rarticuyiarlr rejuest. Tuls time
r r ig a

is then ccropared to the elaysed time Of the rejuest when

Eoth irterral and exterral checkpgoints are enabled. ine
dilference in the elapsed times OI tae€esSe twd NEasSUfelents
frovides an exact measureaeuat of the overhead 1rncurred by
the dirterral performance @measuremeat software fcr t.ois
Ieguest.

Cr tie ctiaer hand, We «can use the internal perfcroarce
Beasuresent timings tc interpret the egternal perrcrrance
Teasurenent timings. In particular, if a re, uest takes z3any

huniredtts ¢ a seccrd as a result oI external perfcrmirLce

Teasuregent, the evaluator wouid want to Jetermine the
Frecise distraibuti